INTRODUCTION
Vibrations are usual in rotary machines, originating problems related to maintenance, components time of life and factory environmental noise. Active control is a powerful tool for reducing this problems, based on the generation of a signal that produces a vibration in the machine in the opposite sense of the undesired vibration. This process is similar to that of destructive interference [l] . Therefore the waveform of the vibration must be known in order to succeed with active compensators. The machine vibrations are composed of undesired subharmonics and harmonics of the rotor frequency. If vibrations are caused by rotary machinery with measurable speed it is feasible to keep track the frequency of rotation in order to identify the vibration wave [ 2 ] .
The overall system is shown in the figure 1, where the error signal e(n) is the difference between the disturbance d(n) and the canceller signal processed by the machine G, (z) [y(n) ]. The machine transfer function is G, (z) . If disturbance and canceller signals are periodic waveforms they can be characterized by: 
FEEDFORWARD CANCELLER
The formulation of a second order discrete-time adaptive notch canceller with sinusoidal reference is:
the two adaptive weights being adjusted by means of an 
For cancelling a periodic non-sinusoidal disturbance it is necessary a notch filter for each harmonic ai, thus forming a bank of filters. If the frequencies to be cancelled are into the passband of the vibrating system then the system G, (machine transfer function) can be considered as a constant gain value k,. Then, from figure 1, the overall closed loop transfer function is:
In order to have a stable narrow-band notch filter, the p, parameters must be sufficiently small. The adjustment of the parameter p, fixes the filter poles, thus providing the desired closed-loop frequency response. A small p, is related to a small bandwidth. In this case the canceller needs a more precise reference signal and the filter adjustment becomes critical. In rotary machinery the disturbance frequencies (and their harmonics) are usually estimated by measuring the rotor speed. Therefore, if there is an error in this measurement then the central frequency will not coincide with the frequency to be cancelled, and the vibration will be augmented.
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ADAPTIVE ADJUSTMENT OF THE REFERENCE
If an adaptive fine tuning of the central frequency is incorporated into a bank of notch filters then an algorithm able to cancel periodic disturbances of unknown frequency is obtained.
Each tuned notch filter can'be represented as in figure  2 . The unknown frequency to be cancelled is wi and initially the notch filter is centered at w: (an initial condition close to oi). The narrow bandpass system Hi (Eqn. 3) filters the error e(n); therefore its output yi(n)
is assumed to be a sinusoidal signal (the harmonic to be cancelled). In this case yi(n) can be considered as generated by the following discrete-time resonator [3]:
y,(n)=y,(n-1)2coso,-y,(n-2)
<
In order to estimate the frequency wi an adaptive filter is chosen as frequency estimator as in [4] :
The constant parameters pi must be select according the behaviour of the frequency estimator. In the steadystate, this IIR adaptive system forces, if some conditions are accomplished, the estimation error q(n) to converge to zero. Hence, from Eqn. 6 , a sinusoid is obtained with the same frequency than in Eqn. 5. The convergence depends on the correct selection of the variable parameters Wi(n) and the constant pi. From previous equations 5 and 6, a new expression of the error is obtained:
In [4] a similar frequency estimator is proposed, the Wi(n) parameter being adjusted from an hyperstable algorithm. In the cases where H(z) is unknown (totally or partially), it is not possible to assure the accomplishment of the SPR condition, and the 1IR.filter design can lead to an unstable system. 
546
We propose adjusting the adaptive parameter by using a gradient algorithm as follows: 4 is reveled and improvement of the cancellatioo obtained with the proposed adaptive notch filter in front of a conventional structure. 
RESULTS AND CONCLUSIONS
The canceller here presented has been implemented by using a PClabcard-812 included in a 486/DX2-66 PC. The sampling rate f, is 100 Sampledsecond. The vibrating system is a winding machine driven by a DC motor. A spectral analysis of the tachometer signal reveals the presence of three sub-harmonics whose relationshi? with the nominal speed (f,) are: fp/30, (fp/30)x2 and (fp/30)x3. The nominal speed fp is approximately 12.3 Hz, so the frequencies to be cancelled are close to 0.41, 0.82 and 1.23 Hz. The first harmonic fp/30 will be the frequency to be estimated. It has a value of 0.41 Hz, corresponding to a digital frequency of 0.0257 . For the estimated frequency is considered an initial condition of 0.028, obtained from a previous spectral study of the noisy system. The hest cancellation results have been obtained by using the following set of parameters:
yi =4*10-7 pi = -3.10-3 ,=0.35 i=1,2,3
Several sampled waveforms are shown. In figure 3 it is shown the error e(n) by sampling the tachometer signal.
The cancellation done by a conventional adaptive notch filter is shown below in figure 3 . In this case, the failure in the cancellation is due to the uncertainty in the frequency to be cancelled: a digital frequency of 0.028 is considered. Figure 4 shows the evolution of the estimated central frequency of the first notch filter, used in each iteration. The algorithm converges to a final value close to the correct frequency (0.0257 
